Purpose: To conduct a systematic review that examined the effect of dance interventions on balance, gait and functional mobility outcomes in adults with neurological conditions other than Parkinson's disease. Methods: A systematic search of relevant databases was conducted. Data extraction and methodological appraisal were performed by two independent authors. Results: Nine studies were included (4 pre-post studies with no control group, 3 case reports, and 2 controlled studies) and results of the methodological quality assessment ranged from poor to good. Study groups included stroke, multiple sclerosis, spinal cord injury, and Huntington's disease. Dance interventions varied in frequency, type and duration, and only 1 study reported intensity. Study dropout rates ranged from 20e44%, and 88e100% of dance classes were attended.
Introduction
One in 3 Canadians are affected by a disease, disorder or injury of the nervous system in their lifetimes [1] . This includes neurological conditions (and prevalence per 100,000 population in Canada) such as stroke (980), multiple sclerosis (290), spinal cord injury (360) traumatic brain injury (410) and Huntington's disease (10) [2] .
Neurological conditions frequently require rehabilitation, and from Canadian inpatient rehabilitation data (2005e2006) available for 5 conditions (stroke, multiple sclerosis (MS), spinal cord injury (SCI), Parkinson's disease (PD), and head injury), it is estimated they account for 31.7% of the total inpatient rehabilitation days for all conditions [3] . Walking, balance and mobility are almost invariably affected by these neurological conditions. Gait and balance impairments have a profound impact on an individual's ability to perform activities of daily living and consequently, quality of life [4, 5] . It is no surprise then, that balance and gait are important to address from the perspectives of both the patient and the therapist. For example, 25e45% of stroke rehabilitation time is spent addressing gait dysfunction [6] , while improvement of gait function is a commonly stated goal by individuals undergoing neurologic rehabilitation [7, 8, 9] . Improvements in gait, mobility and balance are made with rehabilitation. For example, functional standing balance (as measured by the Berg Balance Scale) improves and gait velocity increases significantly with rehabilitation after stroke and incomplete SCI [10, 11] . Inpatient rehabilitation for individuals with MS improves wheelchair mobility and transfers [12] as well as function measured by the Functional Independence measure which includes two items related to mobility (walking and stairs) [13] Despite these gains, balance and gait remain significantly impaired compared to healthy adults. For example, velocity at discharge from stroke rehabilitation (0.84 AE 0.33 m/s) is w45% slower than healthy older adults of similar age [10, 14] , and adults with incomplete SCI achieve Berg Balance Scale scores (29.1 AE 20.6 out of 56 points), 47% lower than scores achieved by healthy older adults (60e69 years) [11, 14] . Persistent slow walking speeds at discharge from rehabilitation are of particular concern given the associated outcomes such as risk of death, hospitalization, falls [15] and limitations in community ambulation [16] . Clearly, new therapeutic approaches and interventions for balance, mobility and gait are needed. Dance instruction as therapy is a promising intervention that may address this need.
Dance is a worldwide human activity that involves complex whole body movements through space synchronized to music [17] . Older adults who regularly dance have a more stable gait pattern, better balance and faster reaction times than older adults who do not dance [18, 19] . Dance also has the same aerobic benefits as jogging and walking programs [20] . Adults who dance recreationally describe it as an enjoyable experience and perceive a number of benefits such as emotional and social wellbeing and stress reduction [17] . Interest in the use of dance as a therapeutic tool to address both psychological and physical impairments is increasing with one Cochrane review reporting positive effects on quality of life and fatigue in people with cancer [21] . Furthermore, dance has been used extensively for the treatment of gait and balance dysfunction in individuals with PD and a number of systematic reviews on the topic exist [22, 23, 24] . Tango is the most frequently employed dance form in the treatment of PD [23] . However, evidence suggests that other dance forms including non-partnered dance are just as effective [23, 25] . Dance as therapy for PD has multiple benefits including improvements in balance, gait and motor impairment [23] . Furthermore, improvements made with dance as therapy may be greater than gains made with traditional group exercise classes [26] or in some circumstances, conventional physiotherapy [27] . A recent systematic review and meta-analysis also confirmed balance and gait outcomes in favour of dance interventions for PD over control groups or other interventions [23] .
The aim of this study was to conduct a systematic review of the literature in order to describe how dance is being used and investigated in adults with neurological conditions that affect the central nervous system and feature motor and sensory impairments that impact gait and balance. Our objectives were to: 1) describe dance interventions used in adult neurologic populations using the FITT principle (frequency, intensity, time/duration, type); 2) describe the feasibility of dance interventions in terms of participant dropout, reporting of adverse events and adherence; and 3) investigate the evidence for the effect of dance on balance, gait, and functional mobility outcomes in adult neurologic populations.
Methods
A systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [28] . We modeled our approach on the most recent review conducted by Shanahan and colleagues [23] on the use of dance in PD. We defined a dance intervention as any regular intervention program that featured learning movement patterns synchronized to music.
Literature search
An electronic search of the literature was conducted in February 2015 by an Information Specialist. The following electronic databases were included: MEDLINE and MEDLINE in-process, PubMed (supplemental search), Embase, Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials (CEN-TRAL), Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Physiotherapy Evidence Database (PEDro). Search strategies using combinations of subject headings and keywords specific to each database were developed to identify appropriate studies; for example, the search terms used in MEDLINE and MEDLINE in-process were "dancing, dance therapy", "gait", and "postural balance" (a full MEDLINE search strategy is included in Table 1 ). Updated searches using the same search strategies were conducted in July 2015, May 2016, December 2016 and August 2017. Reference lists from relevant articles were also examined to identify additional studies missed by the electronic search. 
Study selection
The titles of all search results were screened independently by two authors (JW, EP) to identify potentially relevant studies for further review. Abstracts of articles identified as potentially relevant were assessed to determine if they met the inclusion criteria. Inclusion criteria included studies in English that investigated: 1) an adult population with a neurological condition affecting the central nervous system associated with motor and/or sensory impairments and is known to impair balance and/or mobility; 2) the effects of a dance intervention as determined by at least one objective measure of gait, balance or functional mobility that had published psychometric properties (i.e. reliability and validity) taken before and after the intervention. Studies were excluded if: 1) the dance intervention was combined with another intervention (e.g. speech therapy); and 2) the study investigated adults with PD, as a recent review of dance for people with PD was conducted [23] . Disagreements were first resolved by consensus and in the case where consensus was not reached they were resolved by a third author (KKP). Given the overall aim of this review to describe the use of dance interventions for neurological conditions, there were no restrictions on publication type. This enabled a fulsome view of the state of the field.
Data extraction
Articles that met the inclusion criteria were reviewed independently by two authors (JW, EP) to extract details related to the outcomes of interest. Any conflicts in data extraction were resolved by a third author (KKP). Authors of included studies were contacted for disclosure of any unpublished work.
Details regarding each publication such as the year of publication, study design and demographics of the study group (i.e. disease population, age, and number of participants) were extracted. For the first study objective, characteristics of the dance interventions were extracted including the frequency, intensity, time/ duration and type (FITT principles). For the second objective, indicators of feasibility including the number of participants who dropped out, the number and type of adverse events, and adherence to the intervention were extracted. Finally, for the third objective, both valid and reliable clinical performance-based measures and instrumented laboratory measures of balance, gait and functional mobility were considered acceptable. In cases where a study used more than one measure for an outcome of interest (e.g. spatiotemporal parameters of gait and Dynamic Gait Index used in the same study), the results of both measures were extracted.
Thus, different measures (e.g. Functional Reach Test and Berg Balance Scale)
could be extracted within a specific outcome of interest (e.g. balance) across the included studies.
Data analysis
Publication details for each of the included studies were summarized in table format. The median and first (Q1) and third quartiles (Q3) were calculated for study sample size and FITT descriptors of the dance intervention including frequency, time and duration. Changes in balance, gait, and functional mobility outcomes were calculated as the difference between the post-intervention value and the pre-intervention value. Even though some studies collected follow-up measures, only pre-and post-intervention values were considered to facilitate comparisons across studies. Finally, for studies that reported spatiotemporal gait parameters, only measures of preferred forward paced gait were extracted, again to facilitate comparison. Changes in outcomes were compared against published minimal important difference (MID) values when such values were available for the corresponding measure and patient population. A meta-analysis was not planned given the anticipated heterogeneity in populations, study designs, and outcomes. Thus, study results were categorized as either positive, negative or no significant change based on the statistical tests if reported (indicated by an asterisk) or based on the authors' conclusions about the results for case reports. This categorization of study results was summarized in a table and modelled after a similar approach employed in a systematic review of self-management in chronic obstructive pulmonary disease [29] .
Risk of bias in individual studies
Included studies were evaluated for methodological quality using a tool matched to study design. For pre-post studies with no control group, the study question, participant selection, sample size, description of the intervention and outcome measures, rate of follow-up, and statistical methods were examined using the Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control
Group [30] . For case reports, the Quality Assessment Tool for Case Series Studies [31] was used to evaluate the clarity of the research question, definition of the study population and intervention, and statistical methods. Components of the study design, participant selection, allocation to intervention and control groups, blinding, and the appropriateness of data collection tools and analysis were assessed for controlled studies using the Quality Assessment Tool of Controlled Intervention Studies [32] . Two reviewers (JW, EP) independently rated components of the scale as "Yes", "No", "Not applicable", "Not recorded" or "Cannot determine" using the accompanying guidance document, which were then used to guide the overall rating for the study as "Good", "Fair" or "Poor". Any differences between reviewers were discussed in order to reach consensus, and in the case where consensus could not be reached, a third author resolved the conflict (KKP).
Results
Nine articles met the inclusion criteria. A flowchart detailing the search and review process is included in Fig. 1 . In one case, 3 search results (2 conference abstracts and 1 full article) were combined as they were reporting on one larger study [33] .
There were 4 pre-post studies with no control group [33, 34, 35, 36] , 3 case reports [37, 38, 39] , and 2 controlled studies [40, 41] . The results of 5 of these studies were published as full articles in academic journals [33, 36, 37, 39, 40] , 3 studies were published as abstracts in academic journals [34, 35, 41] , and 1 study was a published as a graduate thesis [38] . The authors of the 3 studies published as abstracts were contacted to request further information and to determine if there was a full article submitted or in press. Only one author replied with details about the study population and provided an updated sample size; however, no further published results were available at the time [34] . Table 2 lists the included studies and Records excluded (n = 13); intervention not solely dance (n = 1); no balance or gait measure (n = 2); part of larger study (n = 10)
Studies included in qualitative synthesis (n = 9)
Records after duplicates removed (n = 1529)
Full-text articles assessed for eligibility (n = 9)
Additional records identified (n = 2) summarizes the neurological patient group studied and features of the dance intervention used.
Participants
The median sample size was 9 (Q1 ¼ 1, Q3 ¼ 16) participants. Seven of the 9 studies listed the age or mean age and standard deviation for their sample, which ranged from 42.9 (12.1) [35] to 73 years of age [37] . The patient population receiving the dance intervention in each study was as follows: stroke (3 studies) [33, 37, 38] , MS (2 studies) [36, 39] , SCI (2 studies) [35, 41] , Huntington's disease (1 study) [40] , and individuals with motor deficits (1 study) [34] . The authors of this final study were contacted for more details regarding the individuals included in their study group. They reported that the group included people with various conditions such as SCI, traumatic brain injury/acquired brain injury, MS, stroke, and fibromyalgia, where some individuals had slight cognitive impairments but no behavioural issues.
Dance intervention (FITT principle)

Frequency
Frequency was defined as the number of classes delivered per week. The median frequency of dance classes was 2 (Q1 ¼ 2, Q3 ¼ 2) times per week. Single studies delivered classes 3 times per week [38] and 1 time per week [34] , respectively.
One study cited the total number of classes delivered (which was 20 classes over 11 weeks) [37] , and 1 study did not report the frequency of classes [41] .
Intensity
In a study for stroke [33] , the intensity of the dance intervention was described as "moderate" and the authors noted intensity was measured at the individual level with the Borg Rating of Perceived Exertion scale. However, neither the individual scores nor the group mean ratings on the Borg scale were reported in the results [33] . Two other studies in stroke did not comment specifically on intensity but made related comments on progression of dance movements [37] and rest periods [38] .
Type
Type was defined as the genre of dance for which each study provided instruction.
Two studies taught a mix of genres including jazz, merengue, tango, rumba, and salsa [33, 35] . Ballet [38] , salsa [36] , and tango [37] were taught exclusively in single studies. One study used a dance video game for the intervention [40] . Finally, dance therapy [34] , free and guided dance movement [39] and dance movement [41] were terms used in single studies.
Time/duration
Duration was described as both the length of the dance class and the length of the intervention period. The length of each dance class ranged from 45 [33, 40] to 120 minutes [35] , and the median dance class duration was 90 (Q1 ¼ 56.25, Q3 ¼ 92.5) minutes. One study did not specify the duration of the dance class [41] .
The length of the intervention period ranged from 4 weeks to 5 months, and the median length of dance intervention period was 8 (Q1 ¼ 6, Q3 ¼ 12) weeks.
Dance intervention feasibility
Six studies [33, 36, 37, 38, 39, 40] reported on participants that dropped out. The number of participants not completing a dance intervention ranged from 2 [36] to 7 participants [33] , representing 20%e44% of the original number of participants in the study group. Reasons for discontinuation of the dance intervention included discharge from hospital before the program ended [33] , not liking the program [33] , and illness [38] . Three studies [38, 39, 40] reported on adherence to the intervention, ranging from a single class missed by 1 participant [39] , and up to 100% attendance [40] . Reasons for missed dance classes included illness, vacation and scheduling conflicts. Three studies [33, 36, 40] reported on adverse events, defined as falls and events requiring medical attention, of which there were none. One study in subacute stroke reported complaints of increased fatigue though this was reported to be no worse that the fatigue expected after a typical physiotherapy session [33] .
Effect of dance on outcomes of interest
The effect of dance on outcomes, calculated as post-pre intervention change scores, is reported for each study in Table 3 . A summary of findings with respect to the outcomes of interest (balance, gait, and functional mobility) for this systematic review is included in Table 4 . For studies that employed more than one measure for a particular outcome of interest, the results for each measure were summarized separately.
Balance
The most common balance measure was the Berg Balance Scale, which was used in 4 studies [33, 36, 37, 38] . The Tinetti Mobility Test was used in 2 studies [40, 41] , and single studies used the Four-square step test [40] and the Functional Reach Test [37] . Four studies reported improvement in balance; 3 were in stroke [33, 37, 38] and the other study was in SCI [41] . All 3 studies in stroke used the Berg Balance Scale and 2 reported change values greater than the MID, which is 7 [42] . In one of these studies, statistical analysis was not performed [33] ; however there was enough information available to conduct a paired t-test to determine that the pre-post change in Berg Balance Scale was significant (t ¼ À2.97, p ¼ 0.02). Two studies, one in MS [36] , and one in Huntington's disease [40] , reported no improvement in balance.
Finally, 1 study in SCI reported that balance was measured but results were not reported [35] . MID values for MS, SCI, and Huntington's disease for the outcome measures used were not available.
Gait
Three studies measured spatiotemporal gait parameters with a pressure sensitive mat [37, 38, 40] . The Dynamic Gait Index was used in 2 studies [36, 38] , and the Multiple Sclerosis Walking Scale and a timed 25-foot walk test were used by a single study [36] . Two studies, one in chronic stroke [37] and one in Huntington's disease [40] reported an improvement in spatiotemporal gait parameters. The change in velocity reported by the study in chronic stroke exceeded the MID for velocity in subacute stroke (MID ¼ 0.16 m/s) [43] . One study in stroke reported a slower gait velocity [38] , and 1 study in MS reported no improvement in gait velocity [36] . However, both of these studies reported an improvement in gait as measured by the Dynamic Gait Index [36, 38] , and the decrease in velocity reported by the study in stroke did not exceed the MID [38] . There were no published MID values in MS or Huntington's disease for any of the gait parameters used. 
Functional mobility
Four studies measured functional mobility with the Timed Up and Go test [34, 36, 37, 38] , and single studies used the six-minute walk test [37] , the six-minute wheeled distance [35] , and the Minimal Record of Disability [39] . All 4 studies that used the Timed Up and Go test reported an improvement, which included 2 studies with stroke [37, 38] , one with MS [36] , and one with a study group with motor deficits [34] . Improvements were also reported in the study that used the six-minute walk test in stroke [37] , and the other study that used the six-minute wheeled distance in SCI [35] . Finally, 1 study in MS reported improvement as measured by the MRD [39] . MID values for the Timed Up and Go test, six-minute walk test and six-minute wheeled distance were not available for any of the neurological populations described in these studies.
Methodological quality evaluation
No study included in this review was a randomized controlled trial. Of the 4 pre-post design studies without a control group, one had a quality rating of good, and 3 had a quality rating of fair. None of the studies had a sample size sufficiently large to provide confidence in the findings (Table 5 ). Of the 3 case report studies, 2 had a quality rating of good, and 1 had a quality rating of fair (Table 6 ). Of the 2 controlled studies, 1 had a good quality rating, and the other had a poor quality rating partly due to the fact it was an abstract and limited information was available from which the quality rating criteria could be determined (Table 7) .
Conclusions
This systematic review revealed emerging evidence for the use of dance in adults with neurological conditions other than PD. The results suggest that dance may be feasible for adults with neurological conditions that can affect gait and balance such as stroke, MS, SCI, and Huntington's disease with no adverse events reported in the three studies that included reporting in their protocol. It is important to note that the majority of studies reviewed did not describe adverse event reporting and a lack of reporting in these studies does not imply that no adverse events occurred.
The type of dance varied across studies as did the frequency and duration of classes. These findings contrast with a systematic review of dance in PD which included studies focused primarily on tango [23] . However, previous work that compared partnered and non-partnered forms of dance reported similar gains in balance (measured with the Berg Balance Scale) and gait (measured as velocity and cadence)
in people with PD [25] . The present review also suggests that gains in gait, balance and functional mobility can be made with different forms of dance across different neurological conditions. The current review revealed that intensity of the program was rarely reported when describing the dance intervention. Finally, dropout rates when reported, were slightly higher compared to previous work in the PD population for which multiple studies have reported a dropout rate of 0% [23, 26] . Future work should include greater detail with respect to tracking of adverse events, reporting the intensity of the intervention and participant tolerance as well as examine barriers to participation and adherence to dance interventions for individuals with neurological conditions other than PD.
The present review found pre-post changes in balance, gait and functional mobility outcomes associated with dance in individuals with a variety of neurological conditions that were either similar to or greater than those found in individuals with PD as reported in the systematic review by Shanahan and coauthors [23] . However, it should be emphasized that none of the studies were randomized controlled trials and the quality of 5 of the 9 studies reviewed were rated poor or fair and therefore definitive conclusions about the effects of dance cannot be made at this time. However, at this early stage of a developing rehabilitation field, a summary of results is still informative to direct future investigations of dance as an intervention. Four of the 6 studies that measured balance reported improvement post-intervention but only two of those studies were rated good quality. All 6 studies that measured functional mobility reported improvement with dance and 3 of those were rated good quality. The findings for the effects of dance on spatiotemporal parameters of gait differed between studies; for example, velocity declined in some studies and did not change in others, whereas double support time was improved in another study. The effects of dance on gait as measured by a clinical scale were more consistent; both studies that used the Dynamic Gait Index were rated as good quality and both reported improvement. Finally, some of the changes reported on gait velocity and Berg Balance Scale scores for individuals with stroke exceeded published MID cut-offs suggesting that some changes made with dance are likely to have an impact on participants' function. Given the indication of positive changes with dance in some studies with better quality ratings, further investigation of the effects of dance on balance, gait and functional mobility of people with neurological conditions other than PD is warranted.
The methodological quality ratings of the majority of included studies in the present review (which were a mix of case studies, pre-post controlled and non-controlled studies) were fair or poor. In the interest of supporting the development of the field it is worthwhile to report on common limitations so that they can be addressed in future work. The most common issue was an insufficient sample size to provide confidence in the findings. Recruitment is always a challenge for intervention research [44] . Large sample sizes for dance interventions are likely further complicated by practicalities such as room size, availability of a dance instructor with the appropriate expertise and experience, availability of staff to provide assistance and for safety, and limitations to class size such that each dance class participant can receive personalized attention from the instructor. Future investigations into the use of dance may overcome these challenges with multi-centre, controlled trials and/or providing multiple dance programs with different students throughout the study period. Such studies would necessitate standardization of the dance intervention across the multiple sites and/or groups through clear and detailed description with respect to the FITT principle as well as clear reporting guidelines with respect to adverse events, participant tolerance and adherence.
The current review has several limitations. First, the search was restricted to the English language, and therefore relevant studies published in other languages may have been missed. Second, there is a risk for bias since none of the included studies were randomized controlled trials, and several included studies lacked a control group. Finally, there was significant heterogeneity across multiple domains including study design, patient population (featuring neurological conditions with different etiology and pathophysiology), dance program (i.e. type, frequency, duration) and outcome measures employed. We were unable to perform metaanalysis given the heterogeneity in designs and outcomes. As this field develops and larger, controlled studies become available, reviews that synthesize the evidence focussing on each of the conditions included in the present review would be of value.
In conclusion, the use of dance for neurological conditions other than PD has received very little attention. Like PD, many adult neurological conditions involve damage to central nervous system structures and feature motor impairments resulting in gait, balance and mobility dysfunction (admittedly due to different underlying pathologies) that could be improved with a dance program. Thus, it is surprising that the interest in dance for PD has not translated to other neurological conditions that could benefit. The results of the current review suggest that dance may hold promise as an intervention to improve gait, balance and mobility in a variety of neurological conditions including stroke, MS, SCI, and Huntington's disease. Though not the focus of this review, certain forms of dance may elicit cardiorespiratory responses in people with neurological conditions [45] and thus may afford aerobic fitness [46] benefits in addition to gains in gait and balance. These potential benefits also warrant further investigation. Within each neurological condition there is likely a subgroup of patients that would benefit from dance.
The characteristics of these subgroups remain to be determined but likely include the capacity to walk/move and maintain balance with minimal assistance and follow multi-step instructions, as these were common abilities outlined in the inclusion and exclusion criteria of many of the studies in this review [36, 40] .
Future work should focus on randomized controlled studies of clearly described dance interventions with detailed reporting of participant tolerance and adverse events and larger sample sizes appropriately calculated to answer the given clinical question.
